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Abstract 

 Leukemia, also known as blood cancer is a dangerous disease that arises in the bone marrow and 

overproduces malformed white blood cells. These cells make blood unhealthy and weaken body’s ability to 

fight with infection. Leukemia is categorized based on speed of progression [Acute and Chronic] and the 

types of white blood cell affected [lymphocytic or myeloid]. Due to high risk factor, it requires accurate and 

timely diagnosis for effective treatment. Current advancements in Machine learning (ML) have revealed 

promising diagnostic results. This study aims to provides a complete overview of different Machine learning 

and Deep learning Techniques applied for the diagnosis of leukemia, highlighting the parameters like 

accuracy and number of features extracted, using different segmentation techniques.The paper explores the 

application of various Machine Learning (ML) algorithms, with Convolutional Neural Networks (CNNs), 

Support Vector Machines (SVMs), and Image Processing techniques, demonstrating outstanding results in 

a specific area. These algorithms have shown outstanding success in tasks like image classification, object 

detection, and medical image analysis. Our review highlights the capability of ML in enhancing leukemia 

diagnosis accuracy, reducing diagnosis time, and improving patient outcomes.  
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Introduction: 

Leukaemia is responsible for almost 2.5% of all new cancer occurrence and 3.1% of cancer-related mortality 

[1]. According to FAB [French-America-British] the main types of leukaemia include Acute Lymphoblastic 

Leukaemia (ALL), Acute Myeloid Leukaemia (AML), Chronic Lymphocytic Leukaemia (CLL), and 

Chronic Myeloid Leukaemia (CML) [2], while leukemia can arise in both adults and children. Leukemia 

diagnostic tests, which usually consist of blood tests to measure blood cell counts RBC [Red blood cell], 

WBC [White blood cell] and platelets. To detect abnormal cells various segmentation methods are used to 

analyze textural, morphological and statistical parameters of blood cell also, bone marrow investigations is 

used to determine whether leukemia cells are existing in the bone marrow, and other imaging procedures 

like CT scan and X-rays, to investigate early detection and proper utilization of technology.  
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Fig.1 Normal and Abnormal blood cells 

[https://www.roswellpark.org/sites/default/files/styles/max_2600x2600/public/leukemia-diagram-

nci.jpg?itok=_qCIgegh] 

 

Literature Review: 

As the manual methods of detecting blood cancer are time consuming and tedious. it requires skilled 

operators for accurate detection of disease. On the other hand various AI techniques gaining 

advancement in identifying types of cancer. To detect Leukemia several parameters of white blood 

cell have to examine. lymphocytes are irregular in shapes and have compact nucleus with definite 

and sharp boundaries whereas lymphoblasts are irregular in shape consist of cavities in cytoplasm 

[3]. Putzu et.al identified 245 out of 267 total leucocytes accurately, yielding an accuracy of 92% 

across 33 images captured under consistent camera and lighting conditions using SVM achieving an 

accuracy of 93% image processing technique and extracted different features like cell shape, color 

and texture with high level of accuracy [4] 

 

Fig 2: Classification of WBC (Courtesy: https://medschool.co/tests/blood-film) 

 

While in paper [5] mainly focuses on detecting and comparing two types of leukemia namely, ALL and 

AML with the Customized Convolution neural network model (based on deep learning) of Tversky loss 

function has been used to study multiple layers of images and investigated parameters like precision, 

sensitivity, kappa, fscore with accuracy of 99%.  

Fatma Talaat and Samah Gamel proposed an image processing approach integrated with fuzzy optimization 

to build up the accuracy of leukemia detection. This methodology involved an optimized CNN classification 

for extracting features from images and differentiate between normal and abnormal leukemia cases. With 

C-NMC dataset researcher used fuzzy logic to analyses hyperparameters to get best result [6] 
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The research [7] introduced three filtration techniques which enhance the accuracy of Acute Lymphoblastic 

Leukemia detection and sixteen Morphological features were extracted through image processing, focusing 

on parameters such as form factor, eccentricity, elongation, and cell dissimilarity. To perform classification 

two classifier has been used namely Artificial Neural Network and Support Vector Machine with overall 

accuracy of 97.52%. [7] 

The study [8] introduced a new approach to detect leukemia by combining methods like Image Processing, 

Machine learning and Transfer learning model conducts an in-depth evaluation of machine models for early 

leukemia diagnosis. With diverse Kaggle dataset utilization for binary and multiclass classification the 

Inception-Res-Net model demonstrated outstanding result.[8] 

Bodzas et.al proposed conventional digital image processing and ML algorithm automatically identify 

cancer. Moreover, sixteen robust characteristics of microscopic images were found. For further classification 

purpose SVM and ANN classifier is used with overall accuracy of 97.52% [9] 

M. Ilyas et.al outlined an automated diagnosis prediction of leukemia by deeply   analyzing WBC’s 

components like Neutrophile, Eosinophile Monocytes and Lymphocytes using augmented dataset. 

Detection has been done by classifying normal and abnormal means blast cell. This study also compared 

different pre-trained model by evaluating various statistical parameters [10]  

This paper [11] presented MATLAB based identification of WBC’s and method correctly identification of 

WBCs and leucoblasts cells in the blood sample. For refining images, it uses thresholding technique and k-

mean algorithm to extract features in images.  This boost WBC counting and whole segmentation. 

Sachin k. et.al designed an algorithm for automated image based acute leukaemia detection systems. This 

process utilizes image augmentation, morphology, filtering and segmenting technique to extract region of 

interest using k – means clustering algorithm. This Technique attained an accuracy of 92.8% and is tested 

with k-Nearest Neighbour and Naïve Bayes Classifier by taking 60 samples [12] 

The research [13] evaluated Leukemia diagnosis with the help of statistical tool SPSS and concavity-based 

segmentation approaches. Significant features were then input into machine learning models, including 

SVM, KNN, NN, DT, and NB. The Neural Network model demonstrated superior performance, yielding an 

AUC of 98.9% and an accuracy of 95%.[13]  

Q. Liao et.al. presented white blood cell segmentation approach that consist mathematical morphological 

operation, shape arrangement and detection. This system has been applied to 25 slides and 128 white blood 

cells segmented from background and overlapping red blood cell successfully.[14] 

Vardhan et.al claimed that deep learning methods are helpful for diagnosis of blood cancer by using CNN 

and ANN which directly extract features of microscopic blood samples. By comparing ALL and CLL blood 

smear using Otsu’s Thresholding method it is clear that diagnosis can be greatly enhanced.[15] 

The Cytometry technique that performs automated counting fails to identify the abnormal cells. Manual 

detection hemacytometer are susceptible to errors and are imprecise. To overcome these challenges 

Vasundhara et.al [16] crafted Data mining Algorithm to detect blast cell and uses image processing for detail 

segmentation. The results show the classification of the acute lymphoblastic leukaemia into three categories 

viz.: L1, L2, L3. The model can separate a normal peripheral blood smear and an abnormal blood smear. 

The proposed algorithm demonstrated exceptional performance, achieving an overall accuracy of 

98.6%. [16] 

Dese et.al created an automated system for the detection of Leukaemia disease based on Machine learning. 

Their system was able to classify blood cancer into four categories with 97% accuracy [17] 

Madhloom et.al [18] experimented on RGB images processed to extract the Hue (H) and Saturation (S) 

bands, which were then converted to binary format. A morphological opening operation was applied to the 

H band using fifteen disk-shaped structuring elements, while the S band underwent erosion. The images 

were then reconstructed using morphological operators, enabling the classification of blast cells based on 

shape features, specifically centroid and axis length. the system demonstrated high performance in 
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classifying leukemia types, achieving sensitivity, and specificity for the test datasets, and accuracy of 

97.5%and for the validation datasets.[18] 

 

Table 1: Comparison of Leukaemia Detection Methodology with Accuracy 

References Methodology Segmentation 

Method 

Accuracy Feature extracted Details 

 Putzu [4] 

 

Image 

Processing 

SVM 92% Shape, Color and 

Texture 

245 of 267 

leucocytes 

detected 

from 33 

images 

 Ansari [5] 

 

CNN CNN 99.5% Precision, sensitivity, f1 

score, accuracy  

From 938 

images,657 

trained ,94 

validited,187 

for testing  

Fatma [6] 

 

Optimized 

CNN 

Fuzzy logic 99.99% Precision, recall, 

accuracy and 

specificity 

Training set 

20,000 and 

10000 

validations 

set  

Ajeya 

bendigeri [7] 

 

SVM CNN 97.2% Morphological Not 

mentioned 

Haque [8] ML and TL DCNN 96.89% Accuracy, Precision 

Recall and f1 score 

Inception-

Res-Net 

model shows 

outstanding 

result. 

Bodzas [9] 

 

ANN SVM 97.52% Morphological and 

statistical 

From 241 

images 128 

normal and 

113 is 

infected 

Llyas M [10] 

 

DNN CNN 99% Accuracy, Precision 

Recall and fscore 

From 2499 

training 

images and 

624 testing 

images 

Christo Ananth 

P [11] 

 

MATLAB 

 

k-mean 

clustering 

98.8% Accuracy, Contrast 

stretching, Histogram 

equalization 

Not mention 

Sachin kumar 

[12] 

 

Image 

processing 

Naïve 

Classifier, 

 k-mean 

clustering 

92.8% Statistical and 

morphological 

 

60 sample 

images 

detected 

 

Vandana et.al 

[13] 

 Neural 

Network 

Concavity 

based 

segmentation 

95% Statistical and 

morphological 

12 features 

extracted 

using 5 ML 

classifiers 

Q. liao et, al 

[14] 

Hough 

transformation 

Image 

processing 

Thresholding Not 

mentioned 

Morphological features  128 white 

blood cells 

segmented 
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Vardhan et. al 

[15] 

ANN CNN 99.72% Edges, texture, form 

and color 

90 out of 100 

samples 

Vasundhara 

[16] 

 

Data mining 

algorithm 

K-means 

K-medoids 

98.6%. Texture, shape, and 

visual features are 

extracted. 

Not 

mentioned 

Baig [17] Deep learning 2- CNN 

models 

97.04% Morphological feature 4150 images 

70% data 

used for 

training and 

30% for 

testing 

Dese [18] Image 

processing 

CNN 97% accuracy, sensitivity, 

specificity  

Blood smear 

slides 

(n = 250 

Madhloom 

[19] 

Image 

processing 

CNN 100% Shape, color, centroid 

axis 

180 

microscopic 

images were 

tested 

 

Discussion 

Several studies detected and differentiated leucoblast from normal blood cells using machine learning 

algorithm and analyzed data samples by applying various segmentation techniques. Some studies focused 

on morphological features extraction approach, whereas other methods combined color, texture, and 

additional features for microscopic classification of leukemia. By using image processing techniques, 

effective feature mining can be achieved, potentially leading to improved classification accuracy. 

 Segmentation of images not only allow to study textural features but also focuses on morphological and 

statistical information. In this paper a complete analysis of different techniques and their accuracy has been 

discussed. By evaluating accuracies, it is observed that the thresholding and SVM based segmentation 

resulted in lowest accuracy of 92%. The proposed method involves separating leukocytes from other blood 

components and extract lymphocytes with segmentation methods like k-mean clustering, fuzzy clustering. 

It is observed that most effective method of segmentation is k-means and CNN clustering which extract 

appropriate features from sample data. In most of the methods accuracy range from 92%-95%. While Deep 

Learning algorithm namely Convolution neural network and Artificial neural network shows accuracy 

above 97%. It is observed that if CNN algorithm used with image processing it yields 100% accuracy of 

diagnosis. There is improvement area in SVM technique, further research can be used to achieve improved 

accuracy of SVM; while analyzing the data it is noted that to get enhanced accuracy it is necessary to take 

sufficient amount of data samples from authentic sources. If significant dataset accuracy may drop down. 

This proposed study proved that Machine Learning and Deep Learning algorithm shows maximum 

accuracy.  

Conclusion 

 This paper provides a complete review of various preprocessing techniques and classification methods for 

leukemia detection. This paper discusses recent advancements in machine learning-based classification 

approaches, presenting results and analysis of existing methods. Our findings suggest that leukemia 

classification can be effectively achieved using machine learning algorithms. However, for significant 

datasets, deep learning method demonstrated superior performance is needed for making them a promising 

approaching towards accurate leukemia classification." 
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